Two different mechanisms of noradrenaline release during normoxia and simulated ischemia in human cardiac tissue.
Species-related differences in the mechanisms of noradrenaline release during normoxia and myocardial ischemia emphasize the need for studies on human hearts. Therefore, the mechanisms of noradrenaline release were investigated during normoxia and energy depletion in incubated human atrial tissue and compared to the release characteristics in normoxic and ischemic rat heart. Potential differences of atrial versus ventricular myocardium were assessed by comparing catecholamine release during electrical stimulation and ischemia in isolated rat atrium with release characteristics in the intact perfused heart. The overflow of endogenous noradrenaline and its deaminated metabolite dihydroxyphenylethyleneglycol (DOPEG) were determined by high pressure liquid chromatography and electrochemical detection. During normoxia noradrenaline release was evoked by electrical field stimulation. Stimulation-induced noradrenaline release depended on the extracellular calcium concentration in both species and was almost completely suppressed under calcium-free conditions. The release was significantly inhibited by neuronal (N-type) calcium channel blockers such as omega-conotoxin (100 nmol/l) and cadmium chloride (100 mumol/l), indicating a predominant role of N-type calcium channels in exocytotic noradrenaline release from sympathetic neurons in human and rat heart. Desipramine (100 nmol/l) enhanced the overflow of noradrenaline evoked by electrical stimulation in both species by blocking neuronal catecholamine uptake (uptake1). Myocardial ischemia was caused by interruption of perfusion flow in rat heart and simulated by anoxic and glucose-free incubation in human and rat atrial tissue. Ischemia- and anoxia-induced noradrenaline release in rat heart and human atrial tissue was unaffected by varying extracellular calcium concentrations and occurred even after omission of calcium and addition of EGTA (1 mmol/l). In both species neither omega-conotoxin (100 nmol/l) nor cadmium chloride (100 mumol/l) affected ischemia-induced noradrenaline overflow in both rat heart and atrium as well as in human atrium. In human and rat atrial tissue, blockade of energy metabolism in the presence of oxygen (cyanide model) resulted in a desipramine-sensitive release of noradrenaline, which was accompanied by DOPEG overflow, indicating increased axoplasmic noradrenaline concentration. The data imply a dual mechanism of noradrenaline release in the human heart. During normoxia noradrenaline release is modulated by neuronal calcium influx indicating exocytotic release. Ischemia-induced noradrenaline release, however, is independent of calcium and inhibited by uptake1 blockade suggesting nonexocytotic release mechanism. The characteristics of noradrenaline release in human atrial tissue provide evidence for carrier-mediated release of noradrenaline from sympathetic neurons operative in the ischemic human myocardium.